IMPORTANCE Colorectal cancer (CRC) screening is underused, especially among vulnerable populations. Decision aids and patient navigation are potentially complementary interventions for improving CRC screening rates, but their combined effect on screening completion is unknown.
C olorectal cancer (CRC) is the third leading cause of cancer death in men and women in the United States. 1 Although non-Hispanic whites have experienced declines in CRC incidence and mortality, other racial/ethnic minority groups have not experienced similar declines. 2 Colorectal cancer screening is effective at reducing CRC mortality, and expert groups, including the US Preventive Services Task Force (USPSTF) recommend CRC screening with several testing options. [3] [4] [5] The US National Colorectal Cancer Roundtable, a coalition of public, private, and volunteer organizations, has set a goal of increasing US screening rates to 80% by 2018, an ambitious target that would have a substantial public health impact. 6, 7 Unfortunately, screening remains underused, especially among vulnerable populations, including those with Medicaid, no health insurance, low educational attainment, limited English proficiency, and members of racial/ ethnic minority groups. [8] [9] [10] [11] [12] [13] [14] Screening rates among Latinos, the largest racial/ethnic minority group in the United States, are substantially lower than in the general population. 9, 13, 15, 16 To increase CRC screening nationally, interventions that address multiple patient-and system-level screening barriers are needed, particularly in care settings where diverse, vulnerable populations are served. Accumulating evidence suggests that offering patients a choice of screening options, particularly a choice that includes fecal occult blood testing or fecal immunochemical testing (FOBT/FIT) in addition to primary endoscopic screening, may be especially important for increasing screening in vulnerable populations. [17] [18] [19] [20] Colorectal cancer screening decision aids provide a structured tool for offering such a choice to patients and have been consistently shown to increase patient knowledge of CRC screening, stated intent to complete screening, and CRC screening test ordering. 21 However, their effect on actual screening completion has generally been limited, indicating that there are other important barriers to screening completion that are not addressed by decision aids alone. Patient navigation represents another promising intervention, and several studies have found it to be effective in helping vulnerable patient populations to overcome barriers to recommended cancer screening, including CRC screening. [22] [23] [24] [25] [26] [27] However, the absolute effects of navigation on screening rates are often modest in size. 24, [28] [29] [30] [31] Decision aids and patient navigation represent potentially complementary interventions for promoting CRC screening because they address multiple barriers that affect different steps in the screening process. Decision aids act "proximally" in the screening process to enhance patients' initial awareness of screening, promote patient-clinician communication, build intent, and clarify preferences. Patient navigation acts more "distally" to address other (often practical) barriers to CRC screening completion that vulnerable patient populations face once an individual decides to be screened. An intervention that combines a decision aid and patient navigation has potential to be highly effective. However, to our knowledge, no study has tested an intervention combining a decision aid with patient navigation to improve CRC screening.
The objective of this study was to test, in a randomized clinical trial (RCT), the effect of a combined intervention that included visit-based delivery of a CRC screening decision aid plus patient navigation vs usual care on CRC screening test completion among patients in a primary care safety net setting. We hypothesized that the intervention would increase screening completion compared with usual care.
Methods

Study Design and Setting
Details of trial design, setting, eligibility, enrollment, interventions, and measures have been published previously in our protocol article and intermediate outcomes analysis. 32, 33 (The trial protocols are provided in the Supplement.) Briefly, this RCT tested a 2-component intervention including a patient decision aid (delivered immediately before the clinician encounter) and patient navigation (delivered after the clinician encounter). 32 Participants were recruited from 2 community health centers, 1 in Albuquerque, New Mexico, and 1 in Charlotte, North Carolina. The sites serve diverse low-income communities including substantial numbers of Latino patients and had baseline CRC screening rates of approximately 35%. The study was approved by the institutional review boards at the University of North Carolina, the University of New Mexico, and Carolinas HealthCare System. Data were collected from January 2014 to March 2016, and analyzed in 2016.
Recruitment and Enrollment
We recruited participants ages 50 to 75 years who spoke English or Spanish, were at average CRC risk (no personal or family history of CRC, polyps, or inflammatory bowel disease), were not up-to-date with recommended CRC screening, and had upcoming appointments. Bilingual research assistants/patient navigators ("navigators") contacted potentially eligible patients either before an upcoming visit or on the day of the visit to invite them to participate. Participants received a $40 incentive, and provided written informed consent.
Study Activities and Randomization
On the day of the clinician visit, navigators first collected the baseline survey data (prior to randomization). Next, participants were randomized 1:1 to intervention or control groups using sequentially numbered, opaque, sealed envelopes generated by the
Key Points
Question Compared with usual care, what is the effect of an intervention combining a colorectal cancer (CRC) screening decision aid and patient navigation on CRC screening completion in a diverse, vulnerable primary care population?
Findings In this randomized clinical trial that included 265 patients, the rate of CRC screening completion at 6 months was greater in the intervention arm (68%) than in the control arm (27%), a significant difference.
Meaning Given the substantial effect on screening, efforts to understand how this kind of intervention can be more broadly implemented are warranted. study biostatistician (M.A.W.). Allocation was thus concealed from navigators. After randomization, navigators (no longer masked to study group) administered a CRC screening decision aid to intervention participants and a food safety (attention control) video to control participants. English or Spanish videos were viewed in the waiting area or examination room on a handheld computer tablet before the clinician encounter. After the encounter, intervention participants received patient navigation; control participants received usual care.
Decision Aid
Development and testing of the English and Spanish language decision aids are described in detail elsewhere. [34] [35] [36] [37] [38] Briefly, the videos are approximately 15 minutes long and consist of 3 parts: (1) overview of importance of CRC screening and review of fecal testing (FOBT/FIT) and colonoscopy; (2) headto-head comparison of screening test options (after which viewers are asked to consider which test features are important to them); and (3) selection of a colored brochure corresponding to their screening readiness.
Patient Navigation
The patient navigation intervention is described in the published protocol article. 32 Briefly, patient navigators (2 at each site, with a total of 0.75 full-time equivalent/site) were employees of the clinic or its affiliated health system with previous training as medical assistants, social workers, or master's degree-level public health professionals. They received approximately 6 hours of initial training in CRC navigation, and had monthly check-ins with study team members. Navigators met participants immediately after their clinician encounter and assisted in carrying out the screening plan. Support was tailored based on individual patient factors, including preferred test strategy (FOBT/FIT or colonoscopy), screening barriers, and stage of readiness for screening. Navigators were also able to offer and distribute FOBT/FIT kits using standing orders. After the initial postencounter conversation, navigators periodically tracked intervention participants and attempted to contact unscreened participants at roughly 2-week intervals until participants refused, completed screening, or were deemed unreachable (after 5 attempts).
Main Outcome Measures
The primary study outcome was completion of a CRC screening test within 6 months after the initial study visit. Screening test completion was assessed through electronic health record (EHR) review conducted independently by 2 investigators (R.L.R. and R.H. at the New Mexico site; A.M. and H.T. at theNorth Carolina site) who were masked to study arm assignment and resolved discrepancies by consensus. Patients were considered current with screening if there was evidence of completion of a recommended CRC screening test. 3 
Power Calculations
Assuming that screening status would be assessed for at least 90% of enrolled participants and a 20% screening rate among controls, we calculated that a total sample of 250 would provide at least 90% power to detect a 20% difference in the primary outcome between the groups using a 2-sided 5% significance level.
Statistical Analysis
We used intention-to-treat analysis, including all participants in their assigned study arm. We used Mantel-Haenszel weights to estimate differences across study arms, adjusted for site. We explored subgroup differences and tested for interactions using a generalized linear model with identity link and binomial variance function.
Other Outcomes
To provide additional data regarding intervention implementation beyond what is published previously, 32, 33 we reviewed the patient navigation logs, and describe, semiquantitatively, the findings regarding decision aid video viewing, telephone contacts, FOBT/FIT distribution, and barriers addressed. We also summarize screening test results from participant laboratory and/or pathology reports.
Results Figure 1 shows the flow of study participants. We contacted 670 patients with upcoming primary care appointments who were 50 to 75 years old and without evidence of current CRC screening in their EHRs. Of these, 161 declined to participate, 180 were ineligible, and 64 did not keep or cancelled their appointment, leaving 265 who were randomized. One participant was excluded from the intervention after randomization by his or her clinician (for medical comorbidity) but was included in analysis. We had primary outcome data (from EHR review) on all 265 randomized participants. Participant characteristics (Table) 
Main Result
Intervention participants were more likely to complete a CRC screening test within 6 months of the index visit: 68% (54% FOBT/FIT, 14% colonoscopy) in the intervention arm (n = 133) vs 27% (21% FOBT/FIT, 6% colonoscopy) in controls (n = 132) (adjusted difference 40 percentage points; 95% CI, 29-51 percentage points; number needed to be offered the intervention to screen 1 additional patient, 3) ( Figure 2 ).
Subgroups
Figure 2 also shows the effect of the intervention by subgroups, along with interaction P values. The intervention was more effective in women than in men (50 vs 21 percentage point improvement in screening). We did observe somewhat larger effects at the New Mexico site vs the North Carolina site, among Latinos vs non-Latinos, and by insurance status, although these differences were not statistically significant. We did not observe differences by education, literacy, or language preference. 
Implementation Findings
Pre-clinician encounter activities, including consent, baseline survey, and video viewing, took approximately 45 minutes. Most participants viewed their assigned video in its entirety (intervention group, 88%; controls, 95%). Navigators reported that clinics often ran behind schedule, allowing participants to complete video viewing. Regarding navigator contact, 42 intervention participants completed screening without additional contact after the index visit. Navigators had at least 1 additional contact (usually by phone) with 79 intervention participants, of whom 48 completed screening and 31 did not. Nine were deemed unreachable, 2 declined further intervention, and 1 was excluded by his or her clinician for comorbidities. Navigators reported that common barriers to screening were competing health priorities, forgetting about the stool tests, the time required to complete screening, and losing the FOBT/FIT kit.
Screening Test Results
Among 100 study participants who completed FOBT/FIT, 5 results (5%) were positive. Among the 28 study participants who underwent colonoscopy either as the primary screening test or for follow-up of an abnormal FOBT/FIT test result, 19 (18 had a primary colonoscopy; 1 had follow-up) had normal or hyperplastic polyps, 5 had 1 to 2 small adenomas (low risk), and 3 had 3 or more adenomas or large (≥ 1 cm) adenoma or villous histologic abnormalities (high-risk adenomas) (2 had a primary colonoscopy; 1 had follow-up). One intervention participant who underwent primary screening colonoscopy was found to have stage 0 (in situ) adenocarcinoma within a large, pedunculated polyp. Three participants with positive FOBT/FIT results did not complete a diagnostic colonoscopy: 1 who became critically ill with bowel obstruction (not due to CRC) and 2 who refused despite multiple entreaties from their primary care clinicians.
Discussion
We found that an intervention that combines a patient decision aid shown before a primary care encounter and practicebased patient navigator support delivered after the encounter substantially increased CRC screening test completion compared with usual care in a diverse, vulnerable primary care patient population. The intervention was broadly effective, improving screening completion across multiple subgroups known to have low CRC screening rates, including those with low-income, Spanish-speaking Latinos, those with low education levels, and those with Medicaid insurance. Several factors likely contributed to the effectiveness of the intervention, driven mainly by increasing FOBT/FIT (although colonoscopy also increased). First, as our previously published intermediate study findings showed, 33 the decision aid component of the intervention successfully mitigated several "proximal" barriers to CRC screening by increasing screening-related knowledge of test options, intent, and clinician-patient discussions (including discussion of both FOBT/FIT and colonoscopy). This is consistent with observational studies showing that CRC screening preferences among US clinicians often differ from those of patients and that clinicians often fail to offer stool testing, instead tending to simply recommend colonoscopy. 20, [45] [46] [47] Second, the patient navigation component was apparently successful in addressing more "distal" barriers to CRC screening completion, including not consistently receiving FOBT/FIT kits from clinic staff, losing or forgetting to complete FOBT/FITs, and difficulties scheduling colonoscopy. Although we are unable to separate the relative contributions of the decision aid and patient navigation components, our observed effect size is considerably larger than has been shown in studies of either decision aids or patient navigation alone. A recent meta-analysis 21 found that CRC screening decision aids alone typically increase screening by only about 8 percentage points. In addition, while trials of patient navigation have been promising at improving actual test completion in vulnerable populations, the effect sizes have generally been small to moderate, ranging from 2 to 15 percentage points. [24] [25] [26] [27] 31 Our findings of a 40-percentage point increase in screening completion support our hypothesis that decision aids and patient navigation are complementary. 32 Third, we suspect that the visit-based approach to patients who were due for screening contributed to the effectiveness of this intervention. Previous studies 24, [48] [49] [50] have found that nonvisit-based approaches to delivering decision aids (eg, mailing and/or phone outreach) lead to low uptake of the materials. For many patients, particularly those in vulnerable groups for whom cancer screening may not be salient during their day-to-day lives, an optimal time to deliver the decision aid is during primary care visits. This allows care team members to facilitate viewing and to help patients act on their enhanced intent and informed preferences. Furthermore, we suspect that the visit-based approach caused patients to perceive that the intervention was endorsed by their clinician. This is consistent with strong observational evidence showing that clinician recommendation is a strong and independent predictor of CRC screening. [51] [52] [53] [54] [55] Our data support the idea that such team-based interventions, which include but are not dependent on the clinician, can promote effective delivery of chronic and preventive care services in a care context in which the primary care clinician is often overwhelmed with competing demands.
56,57
Our study reinforces the importance of offering FOBT/FIT testing and extends the findings of Inadomi et al, 20 who found that offering FOBT/FIT as a screening option substantially increases CRC screening completion. Our trial differed from the one by Inadomi et al 20 in several important ways. First, their study was conducted in a unique care context in which colonoscopy access was guaranteed to underinsured patients, colonoscopy wait times were reduced to 2 weeks or less, and transportation barriers were mitigated. Our trial was conducted in a care context that is more reflective of US community health centers generally. Second, the study by Inadomi et al did not use an explicit patient decision aid to leverage patient preferences regarding screening. In fact, their original hypothesis was that offering patients a choice of screening strategies would actually reduce screening adherence by introducing confusion and uncertainty. Third, their study did not use patient navigation per se, although the bilingual research assistants functioned at times as de facto navigators (eg, by ensuring delivery and assisting with return of FOBT/FIT) and helping with colonoscopy transportation. Although our intervention was effective, the feasibility of its widespread implementation remains unclear. The primary objective of this study was to test the effectiveness of the combined intervention on screening completion. We assessed implementation only observationally, making this a type 1 "effectivenessimplementation hybrid" study. 58 Much of our navigators' effort was spent on research-related activities, including consent and survey delivery; however, partitioning these activities from intervention activities (eg, decision aid delivery or postencounter navigation) is challenging. In practice, research-related activities would be unnecessary. Furthermore, some intervention activities could be distributed among clinical support staff, constituting only a portion of an individual's job. Nevertheless, even with optimized work distribution, additional resources may be necessary for high-quality implementation because other investigators have found that implementing patient navigation carries considerable unreimbursed costs. 59,60 Hence, implementation may be challenging for community health centers with current resources.
Strengths and Limitations
Our study has methodologic strengths. The RCT design, masked primary outcome assessment, intention-to-treat analysis, and complete primary outcome data reduce risk of bias. Our study also has limitations. First, our design did not allow assessment of independent effects of the intervention components. Second, patient-level randomization could have affected usual care by clinicians, although this would likely have biased findings toward the null. Third, although our EHR review captured CRC screening within each clinic's health system, some screening could have occurred outside each health system. However, given the access challenges faced by this population, the likelihood that our findings are explained by differential "extramural" CRC screening is extremely low. Finally, our main outcome represented only a single round of screening. Strategies for ensuring programmatic adherence and follow-up of abnormal FOBT/FITs will also be necessary to fully realize mortality benefits from CRC screening.
61
Other practice-based interventions will be needed to achieve repeated FOBT/FIT testing adherence, 62 including non-visit-based interventions to reach patients who infrequently attend clinic.
63
Our study has implications for clinical practice and policy. The USPSTF recently issued new screening guidelines essentially recommending any of several acceptable screening tests. Their guidelines recommend "engaging patients in informed decision making about the screening strategy that would most likely result in completion…." 4 Our study provides empirical trial evidence supporting the provision of structured patient decision support along with team-based facilitation of screen- 
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Comparing the effect of a decision aid plus patient navigation with usual care on colorectal cancer screening completion in vulnerable populations: study protocol for a randomized controlled trial 
Abstract
Background: Screening can reduce colorectal cancer (CRC) incidence and mortality. However, screening is underutilized in vulnerable patient populations, particularly among Latinos. Patient-directed decision aids can increase CRC screening knowledge, self-efficacy, and intent; however, their effect on actual screening test completion tends to be modest. This is probably because decision aids do not address some of the patient-specific barriers that prevent successful completion of CRC screening in these populations. These individual barriers might be addressed though patient navigation interventions. This study will test a combined decision aid and patient navigator intervention on screening completion in diverse populations of vulnerable primary care patients.
Methods/Design: We will conduct a multisite, randomized controlled trial with patient-level randomization. Planned enrollment is 300 patients aged 50 to 75 years at average CRC risk presenting for appointments at two primary clinics in North Carolina and New Mexico. Intervention participants will view a video decision aid immediately before the clinic visit. The 14 to 16 minute video presents information about fecal occult blood tests and colonoscopy and will be viewed on a portable computer tablet in English or Spanish. Clinic-based patient navigators are bilingual and bicultural and will provide both face-to-face and telephone-based navigation. Control participants will view an unrelated food safety video and receive usual care. The primary outcome is completion of a CRC screening test at six months. Planned subgroup analyses include examining intervention effectiveness in Latinos, who will be oversampled. Secondarily, the trial will evaluate the intervention effects on knowledge of CRC screening, self-efficacy, intent, and patient-provider communication. The study will also examine whether patient ethnicity, acculturation, language preference, or health insurance status moderate the intervention effect on CRC screening.
Discussion: This pragmatic randomized controlled trial will test a combined decision aid and patient navigator intervention targeting CRC screening completion. Findings from this trial may inform future interventions and implementation policies designed to promote CRC screening in vulnerable patient populations and to reduce screening disparities. Keywords: colon cancer, colonic neoplasms, decision aids, early detection of cancer, Hispanic Americans, minority health, patient navigation, vulnerable populations
Background
Colorectal cancer screening in vulnerable populations
Colorectal cancer (CRC) is an important cause of cancer death among all men and women in the United States, including Latinos [1, 2] . Compared with non-Latinos, Latinos have substantially lower CRC screening rates and may also be more likely to be diagnosed with CRC at an advanced stage [1, 3, 4] . Despite increases in screening rates in the last decade [5] , only 65% of US adults are up to date with recommended screening, and only about 47% of US Latino adults [6, 7] . Members of vulnerable groups, including racial or ethnic minorities, the uninsured, and Medicaid populations have the lowest screening rates in the USA [8] . The many patient-, provider-, and systemlevel barriers that inhibit the CRC screening process disproportionately affect vulnerable groups. Common barriers to completing screening include poor knowledge about screening and screening options, competing demands in primary care, leading to insufficient communication with the provider about screening, lack of health insurance (resulting in a lack of access to care, including cancer screening), and an inability to navigate the healthcare system (resulting in screening not being scheduled or completed). Latinos, now one of the nation's largest racial or ethnic minority groups, often face additional language (communicating with providers about screening) and cultural barriers (machismo, fatalism) [8] [9] [10] . To increase CRC screening in vulnerable populations, interventions that address multiple screening barriers are needed. Moreover, to address ethnic disparities in CRC screening, these interventions must be effective in Latino populations.
Successful CRC screening requires multiple steps
Successful completion of CRC screening in primary care requires progression through a number of steps: having awareness of and knowledge about screening, deciding that one is ready for screening (intent), having selfefficacy to discuss screening with a provider, and ability to communicate effectively and form a screening plan with a provider. Later steps in the progression include movement from test ordering to test completion. Failures in CRC screening may occur from 'breakdowns' of the process at any one of these steps [11, 12] . Vulnerable populations are particularly susceptible to such breakdowns, owing to barriers at the levels of the healthcare system and providers, including a lack of access to care and decreased physician time during a visit [13, 14] . At the individual level, many factors affect screening uptake, particularly in vulnerable immigrant populations, including: acculturation and language barriers; sociocultural beliefs, such as cancer fatalism; and lack of knowledge and low health literacy [9, [15] [16] [17] [18] .
Decision aids and patient navigation
Decision aids are evidence-based patient education tools designed to promote informed and shared health-related decision making [19] . Decision aids for CRC screening have the potential to mitigate some of the barriers to screening. For example, decision aids can overcome literacy barriers by having a narrator read all text aloud or by using easy-to-understand graphics and animations. Because they can be viewed outside of the actual patient-provider encounter and can be delivered by other members of the healthcare team, decision aids can also help to overcome provider barriers, such as lack of time to educate patients about screening. Decision aids are designed not only to help patients gain knowledge and build intent, but also to help patients understand their options and prepare them to engage in making informed decisions with their healthcare providers [20] . Studies in English-speaking populations have shown that decision aids can increase patients' knowledge about cancer and screening, intent to be screened, ability to state a CRC screening test preference, and even screening completion [21] [22] [23] [24] . A preliminary study of the Spanishlanguage decision aid used in this study suggests that the decision aid is efficacious; decision specific knowledge about CRC screening, and self-efficacy and intention to complete CRC screening all improved. It also suggested that the decision aid improved communication between doctor and patient about CRC screening [25] . However, the overall body of evidence is mixed regarding the effect of decision aids as a single intervention on CRC screening test completion. This suggests that while decision aids educate and activate patients, other barriers that inhibit the progression to test completion are not addressed by decision aids alone.
Introduced in the 1990s, patient navigation has been advocated as an approach to addressing barriers to cancer care (including cancer screening) for vulnerable populations [26, 27] . Experts currently define patient navigation as a 'barrier-focused' intervention that (a) provides support to individual patients for a specific episode of cancerrelated care; (b) has a defined endpoint, when an episode of care is complete (for example, CRC screening); (c) targets a defined set of health services required to complete an episode of cancer-related care; and (d) focuses on individual barriers to accessing cancer care [28] . Emerging evidence supports the effectiveness of patient navigation in increasing cancer screening in general and, specifically, in increasing CRC screening in vulnerable populations [29, 30] . Decision aids and patient navigators represent potentially complementary interventions for promoting screening because they address multiple barriers that affect different steps in the screening process. Combing the two intervention methods might be a more effective way to address the complex, multilevel barriers to CRC screening that vulnerable populations encounter. However, to our knowledge, no study has tested an intervention combining a decision aid with patient navigation to promote CRC screening in vulnerable populations in a primarycaresetting.
Conceptual framework
Informed by Prochaska's transtheoretical model and 'stages of change' and Bandura'ss o c i a lc o g n i t i v et h e o r y [31, 32] , our conceptual framework (Figure 1) illustrates the steps involved in CRC screening and how we hypothesize that the components of our intervention will affect the process. The decision aid acts mainly to increase patient knowledge, self-efficacy, and intent, and promotes informed decision making regarding choice of screening modality and communication with a healthcare provider. The patient navigator primarily facilitates completion of screening by addressing additional barriers that often supervene even after a screening test has been ordered. However, a patient navigator may also help to build on the knowledge, intent, and self-efficacy established by decision aid viewing.
Study objectives
The specific objectives of this study are:
1. To determine the effect, relative to usual care, of a practice-based intervention that includes a CRC screening decision aid plus patient navigation on CRC screening completion in diverse, vulnerable primary care patient populations. 2. To determine (a) the intervention effect on knowledge, self-efficacy, intent, and clinical communication about CRC screening and (b) how these factors influence the effectiveness of the intervention on screening test completion. 3. To explore whether patient ethnicity, acculturation, language preference, or health insurance status moderate the relationship between the intervention and screening behavior.
Our main hypotheses are that an intervention including a CRC screening decision aid combined with bilingual and bicultural patient navigators will improve patients' screening-related knowledge and self-efficacy, promote intention to be screened and patient-provider communication about screening, facilitate test ordering, and result in a significant increase in successful completion of CRC screening. 
Methods/Design
Overview of study design
As illustrated in Figure 1 , the CHOICES/OPCIONES trial is a multisite, two-arm pragmatic randomized controlled trial testing the effect of an intervention, including a CRC screening decision aid and a patient navigator, in primary care clinics serving diverse, vulnerable patients. The combination of two interventions represents a novel approach to promoting cancer screening in vulnerable populations. The primary outcome is CRC screening test completion at six months. Secondary outcomes include CRC screening knowledge, screening self-efficacy, intention to be screened, and patient-provider communication about CRC screening. This study is approved by the Institutional Review Boards at the University of N o r t hC a r o l i n a( S t u d y#0 9 -0537), the University of New Mexico (Study ID 12-263), and the Carolinas HealthCare System (File # 12-13-03E).
Study participants and setting
The trial will recruit approximately 300 participants, including at least 150 Latinos from the two clinic sites over approximately 15 months. Enrolled patients will be aged 50 to 75 years, at average risk of CRC, and not currently undergoing CRC screening according to current US Preventive Services Task Force recommendations [33] . Patients will be excluded if they are unable to speak either English or Spanish, or have severe cognitive, visual, or hearing impairment that would prevent decision aid viewing. Research assistants will review the appointment schedule and medical records to identify potentially eligible participants prior to or on the day of a visit. After determining eligibility, interested participants will complete a signed consent form and provide authorization under the terms of the Health Insurance Portability and Accountability Act. The two study sites are in Charlotte, North Carolina and Albuquerque, New Mexico, and are parts of larger, non-profit healthcare systems. Both sites serve racially and ethnically diverse, low-income communities. The Charlotte, NC, site is a Community Health Center in northeast Charlotte. The clinic serves approximately 12,000 patients, among whom there is a large and growing Latino population. The clinic site in Albuquerque, NM, is located in the International District of Albuquerque, the most densely populated and ethnically diverse sector of the city. The clinic serves more than 5,000 patients, nearly half of whom are Latino.
Randomization and blinding
The trial will randomize individual patients, stratified by site, in a 1:1 ratio of intervention to control using randomly permuted blocks with random block sizes. The coordinating site (the University of North Carolina) will produce, for each study site, sequentially numbered, sealed, opaque envelopes containing the randomized arm assignments. The research assistants, who will not know the randomization scheme, will perform the randomization by opening the envelopes sequentially as they enroll study participants. Health care providers at the clinic sites will not be actively notified of patient enrollment in the study. For budgetary reasons, the research assistant conducting the enrollment and index visit data collection will also be the patient navigator, and therefore it is not feasible to blind the research assistant to treatment assignment after randomization occurs. However, a separate, blinded member of the research team will determine the primary study outcome of CRC screening test completion (based on medical record review at six months). In addition, the study biostatistician will program the primary models for addressing each of the aims using dummy treatment assignments and will remain blinded to actual treatment assignments until the models, along with any related assumptions, have been assessed and finalized.
Intervention and comparison
Participants randomized to the intervention group will receive a combined intervention consisting of CRC screening decision aid and assistance from a trained patient navigator. Participants in the control group will view an attention control video about food safety in their preferred language (English or Spanish) prior to the provider visit and usual care. We chose to use an attention control video so that the structure of the control arm mirrored the intervention arm. The food safety topic was chosen to provide information that is reasonably salient to the control arm participants but that would not be likely to affect conversation during the physician encounter.
Decision aid
The decision aid is available in both English and Spanish. The English version was developed and tested rigorously, and has been continually revised and updated to reflect changes in evidence [22, 34] . The Spanish version was adapted from the English version using a rigorous cultural and linguistic adaptation and evaluation process [25, 35] . The decision aids are 14 to 16 minute long videos and were developed to promote CRC screening, while presenting a balanced view about the choice of screening modality (colonoscopy versus fecal occult blood testing). Participants assigned to the intervention group will view the decision aid prior to the physician visit. Both the English and Spanish versions are designed to be accessible across all literacy levels by using easy-to-understand narration, vignettes, graphics and animations. Patients are introduced to the rationale of CRC screening and the two most widely available screening modalities (colonoscopy and fecal occult blood testing), and the key attributes of both methods are explained, including the frequency of testing, discomfort, costs, risks, and effectiveness. At the end of each decision aid, the viewer is prompted to choose a brochure with a traffic light color scheme that signals his or her readiness to be screened, informed by Prochaska's transtheoretical model (red, pre-contemplation; yellow, contemplation; green, action) [22, 31] .
Patient navigation
The second component of the intervention is navigation by a trained bilingual and bicultural patient navigator. Navigation will involve both initial face-to-face contact and semistructured phone contact. The role of the patient navigator will be to help patients overcome barriers to completion of CRC screening. The patient navigator will briefly meet the participant after the provider encounter to find out if screening decisions were made and if assistance in carrying out the screening plan is needed. The patient navigator will then attempt to contact intervention participants at two weeks and (at the patient navigator's discretion) up to four additional times, as necessary, after the clinic visit to assist with screening test completion. Specific counseling will be tailored based on individual patient factors, including choice of test strategy (fecal occult blood testing or colonoscopy), follow-up appointments (including a follow-up colonoscopy for a positive fecal occult blood test), screening barriers, and stage of readiness for screening. For example, a patient who is considering screening (contemplation) might not have received a fecal occult blood testing kit at the index visit, but may later wish to receive the cards by mail. Another patient who is ready for screening (preparing for action) might have had a colonoscopy ordered by the provider, but may be having difficulty understanding how to schedule an appointment, or how to complete the bowel preparation procedure.
Data collection and measures Overview
Data collection will take place at three time points: baseline, immediately after the physician visit, and at six months after the initial study visit. Measures and timing of measures are shown in Table 1 . Patient questionnaires will be administered orally in English or Spanish.
Primary outcome
The primary outcome of this study will be completion of a CRC screening test within six months after the initial study visit. Screening test completion will be assessed through a blinded medical record review. Patients will be considered current with screening if there is evidence of completion of a recommended screening test including home fecal occult blood testing, flexible sigmoidoscopy, or colonoscopy. We will record screening modality and results for all tests. For positive fecal occult blood tests, screening will not be considered 'completed' unless a follow-up colonoscopy is completed or is pending.
Secondary outcomes and other measures
Baseline measures will capture demographics, insurance status, health literacy, language preference, and acculturation (Latinos only). We will also assess CRC knowledge, self-efficacy, and intention to be screened at baseline, using measures from our preliminary studies [25] . Immediately after the provider visit, we will re-assess knowledge, self-efficacy, and intention to be screened, as well as provider-patient communication about CRC screening. At six months, we will re-assess knowledge, self-efficacy, and intention to be screened in the future.
Analytic approach and power Analyses
We will follow the intention-to-treat principle for all analyses. Our analysis of the primary hypothesis will be a direct, unadjusted comparison of proportions screened in intervention versus control arms using a MantelHaenszel χ-squared test, controlling for site, conducted at the 0.05 significance level. Latino participants will be examined in a separate subgroup analysis. If substantial differences known to be associated with CRC screening are present at baseline between the intervention and control arms, multiple logistic regression analysis will be used to adjust for these variables. We will, similarly, use logistic regression models to explore whether ethnicity, patient language preference, or health insurance moderate the relationship between the intervention and screening behavior by testing appropriate interaction terms, each at the 0.05 significance level. If any interaction is significant, the intervention will be tested within the respective subgroups using the model with appropriate contrast statements.
To address the second objective, we will apply a structural equation model (specifically, a path analysis with manifest variables) with all variables incorporated appropriately for their scale (that is, knowledge will be ordinal, while self-efficacy, intent, and communication will be categorical). The model will use data from all patients and will control for baseline knowledge, selfefficacy, intent, ethnicity, and site as exogenous variables. The primary model will include indirect effects of the intervention on the outcome through the potential mediating variables along with the direct effect, to allow assessment of whether any mediation is complete or partial. However, in the primary model, no structural model will be imposed relating the mediating variables to one another, beyond simple correlations. As a supportive, secondary, analysis, we will also fit a model that imposes the structural model depicted in Figure 2 and will assess its fit using standard fit indices (that is, root mean squared error of approximation, Bollen's incremental index, and the Tucker-Lewis index). Nested models will be compared using χ-squared difference tests at the 0.05 level.
Power calculations
We are planning to recruit at two clinics for 15 to 20 months each. We anticipate being able to enroll about two or three patients per week at each clinic for a total sample ranging from 250 to 380. This will provide more than adequate power to answer the primary research question of intervention effectiveness among all participants and reasonable power to test the effectiveness among Latino participants. If screening status is assessed for at least 90% of enrolled participants, a sample size of 250 will provide at least 90% power to detect a 20% difference in screening completion rate between the groups, assuming equal group sizes, two-sided α of 0.05, and a 20% screening rate in the control group. Under these same assumptions, enrolling 150 Latino participants will provide at least 70% power to detect a 20% difference in screening completion rates.
Discussion
The CHOICES/OPCIONES trial will help fill several gaps in our understanding of how to improve rates of CRC screening among vulnerable populations. First, although several trials have tested either patient navigation or decision aid interventions to increase informed choice and promote CRC screening, this will be the first clinical trial, to our knowledge, to test a combination of the two approaches [36] [37] [38] [39] . Second, this trial will test a pragmatic intervention delivered in a real-world clinic-based context. In contrast with studies that deliver patient navigation remotely (that is, only by telephone), this study will use bilingual navigators who are encountered at the clinical site and therefore likely to be viewed as part of the clinical team. Thus, findings may have implications for clinical and payment policies that facilitate incorporation of patient navigation for cancer screening into patient-centered medical home models of care [40] . Third, this trial will advance scientific knowledge regarding methods of overcoming cancer screening disparities for Latino populations, who make up the largest and fastest growing racial or ethnic minority group in the USA and who have substantially lower CRC screening rates than non-Latinos. Fourth, by measuring how viewing a cancer screening decision aid before a primary care visit affects intermediate outcomes (screening-related knowledge, self-efficacy, intent, and communication with a healthcare provider), the study will enhance our mechanistic understanding of how patient-directed interventions affect communication, decision making, and screening behavior. Specifically, the study will help elucidate the causal role that these intermediate factors play in mediating screening behavior. Understanding these causal links is important in designing effective cancer screening behavioral interventions.
Lastly, the exploratory aims of the study have the potential to shed light on how this kind of intervention interacts with key patient-level demographic factors of health insurance and language preference. These findings may inform future research and policy questions, such as those related to healthcare access for immigrant populations, and the degree to which these kinds of intervention should target Latino populations broadly, or should be focused more specifically on the more vulnerable limited English proficiency subpopulations.
Trial status
This trial is currently enrolling participants. Data collection began in January 2014, and will continue until December 2015.
Abbreviation CRC: colorectal cancer.
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